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ABSTRACT
House mice (Hus muscuius) obtained from natural 
populations were examined for kidney esterase variants and 
recessive lethal alleles.
Three new kidney esterase variants, bands 12, Inl­
and a 'clear area1, as well as esterases controlled by the 
5s--2 locus were examined using starch gel electrophoresis.
The inheritance patterns of bands 12 and 14- appear to be 
complex. The expression of band 1^1- seems to be sex-associated 
The ’clear area’ was highly unstable and as a result its 
inheritance pattern could not be determined. The 
inheritance pattern of 5s-2 appeared to be consistant with 
the one-locus, two allele hypothesis suggested by Petras 
(1963). The approach described in the present work for 
studying kidney esterases was found to be adequate for simple 
modes of inheritance such as a one-locus, two allele hypothesis 
however, it was found to be inadequate for more complex 
systems.
A breeding program was devised to obtain an estimate 
of the number of lethal alleles found in mice from natural 
populations. The results suggest that some mice have a 
number of lethals in their genomes. Modifications in the 
breeding system are suggested to increase the reliability of 
the testing.
ii
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GENERAL INTRODUCTION
In recent years two groups of genetic variants 
have received much attention, (a) electrophoretically 
detectable variants and (b) lethals. The former have 
been studied in a variety of organisms including the house 
mouse (Popp and Popp, 1962; Green, 1966), the protozoan 
Tetrahymena (Allen, i960), and Drosophila (Hubby and 
Lewontin, 1966). The latter have been studied primarily 
in Drosophila, although there have been a few in 
mammalian populations as for example the work of Dunn, 
Beasley and Tinker (i960) on the house mouse. Variants 
have also been found in the human population (Harris et 
al, 1963). The present study is involved with developing 
techniques to uncover hidden variants of both types, 
applying these techniques to members of natural 
populations, and evaluating the approach.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
GENETIC STUDIES OF THE ESTERASES
Smithies (1955) introduced zone electrophoresis 
in starch gel as a method of separating proteins. Hunter and 
Markert (1957) applied electrophoresis to studies of enzymes. 
Subsequently, inherited variants of a number of enzymes 
were found. Popp and Popp (1962) were the first to determine 
the genetic control of a serum esterase component (Es-1) 
using inbred strains of mice. petras (1 9 6 3) determined the 
inheritance of another serum esterase component, Es-2 , 
using both inbred strains and wild mice. Ruddle and Roderick 
(1 9 6 5, 1 9 6 6) studied the genetics of esterases found in the 
kidneys of inbred strains of mice. Electrophoretic variations 
of erythrocytic esterases were reported by Pelzer (1965),
Popp (1966) and Biddle and Petras (1 9 6 6).
A number of natural populations of the house mouse, 
Hus muscuius, have been examined for esterase polymorphism. 
Petras (1 9 6 7), Petras et al (1 9 6 9), 3elander et al (1 9 6 9) 
and Ruddle et al (1 9 6 9) have found variations at the Es-2,
Es-3 and Es-5 1oci.
Similar information has been obtained for esterases 
In other animal populations. The protozoan Tetrahymena has 
been studied extensively by Allen (i9 6 0). Hubby and 
Lewontin (1 9 6 6) in their classic work have studied Droscohila 
pssudoobscura for polymorphisms at a number of loci,
2
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3including; esterase-5. Harris et al (19£>3)> Have detected 
a serum cholinesterase variant and peptidase variants in 
humans.
In the above-mentioned mammalian studies the 
esterases examined were usually those found in the erythrocytes 
or serum. Only where inbred strains of mice were used were 
esterases of other tissues studied. The present study involved 
an attempt to examine the kidney esterases of wild mice 
using starch gel electrophoresis. This presented a problem 
since the mice had to be sacrificed in order to obtain their 
kidneys preventing any subsequent breeding analyses. To 
circumvent this an approach was developed in which the mice 
were mated before the kidney esterases were examined. Such 
a program is described and evaluated.
Materials and Methods
Six mid mice selected from samples which were 
collected on farms in the vicinity of Windsor, Ontario, were 
mated with mice of two inbred strains (C3H or C5731/10). A 
series of five other types of matings using the wild, inbred 
and F1 mice, was also set up. These are summarized in Table 1. 
The purpose of this mating system is to shed light on the 
inheritance of any variants detected. The basic assumption 
for this breeding program was that a variant would be 
controlled b.3' a mutant allele at a single locus. Table 2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 1 
Mating Systems Used
1. wild male X inbred female (C5731)
first generation (F^)
2. wild male X F^ female
baekcross generation
3. Fi male X C57B1 female
Ibaekcross generation
male C57B1 X Fi femaleI
baekcross generation
5. male F^ X F^ female
second generation (F2)
6. male F1 X C3H female
Across with other inbred female
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5TABLE 2 
Example of Expected Batios
1. ab X aa
1/2 aa 1 1/2 ab
2. ab X aa ab X ab
1/2 aa \ 1/2 ab 1/4 aa : 1/2 ab : 1/4 bb
Then the overall ratio is 3 aa : 4 ab : 1 bb
3. aa X aa ab X aa
aa 1/2 aa : 1/2 ab
Then the overall ratio is 3 aa : 1 ab
4. aa X aa ab X aa
aii 1/2 aa ^ 1/2 ab
Then the overall ratio is 3 aa : 1 ab
5. aa X aa aa X ab ab X ab
I i 1 ~
aa 1/2 aa : 1/2 ab 1/4 aa : 1/2 ab : 1/4 bb
Then the overall ratio is 7 aa : 4 ab i 1 bb
6. aa X aa aa X ab
aji 1/2 aa ^ 1/2 ab
Then the overall ratio is 3 aa : 1 ab
a = common allele 
b = rarer allele
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indicates the ratios of offspring which can he expected from 
the six matings if such a hypothesis holds true.
The kidneys of the offspring from these mating;s
were excised and placed in a buffered saline. The kidneys
o
were stored overnight at 3 C and after the removal of fatty 
tissue were homogenized in equal volumes of distilled water.
The homogenizing was done in an ice bath to prevent any 
heat denaturation of enzymes. The homogenates were then 
frozen and thawed three times. After centrifuging the samples 
at 39,100 x g for one hour, the supernatant was removed and 
stored at 3° C until used. Before being used for electrophonesi: 
the supernatant was again centrifuged at 39t100 x g for 
one-half hour.
The technique used for electrophoresis was similar 
to that used by Ruddle and Roderick (1965). A starch
gel (with hydrolyzed potato starch from Connaught Laboratories) 
was made up in a pH 3.65 buffer of .076H tris(hydroxymethyl) 
aminomethane and .0051' citric acid. The slots were placed 
two inches from the cathode. The samples were placed in the 
slots and allowed to migrate toward the anode. The bridge 
buffer consisted of .2911 boric acid and NaOH adjusted to a 
pH of 8.0. A drop of 200 volts was placed across the gel for 
the first 20 minutes and then 350-^00 for the remaining time.
The current was allowed to run until the borate band had 
mi .grated 12 cm.
The gels were stained using the sub;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7naphthyl butyrate in a solution of phosphate buffer (pH 6.8), 
water, and fast blue BB salt (a diazonlum salt). Some gels 
were also stained with alpha-naphthyl acetate or alpha-naphthyl 
propionate substrates in solutions of Tris-HCl (pH 7.1) 
buffer, water, and fast blue BB salt.
The thermostability of the bands was tested by 
incubating the supernatants at 0, 22, 36, 46, 57 and 70 degrees 
C for one-half hour before application to the gel.
The samples were also tested for their stability 
over a period of five and one-half weeks. Three samples 
each of male C57B1, male C3H, female C57B1 and female C3H 
were prepared and stored at 3° C. The patterns of these 
samples were checked periodically during this time.
Results of Electrophoretic Separation
A. Composite Zymogram
The 27 bands that were observed with the substrate 
alpha-naphthyl butyrate are diagrammed in Figure 1 .. The 
differences between the Inbreds and the wild animals are shown 
in Table 3. The clear area, bands 12, 14 and Ss-2 (band 24) 
were typed in subsequent matings. The five zones indicated 
are those into which Ruddle and Roderick (1965) have grouped 
the enzymes.
The phenotypes observed for Bs-2 (band 24) are 
given in Tables 8 and 9.
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8TABLE 3
Comparison of Wild Males and Inbred Males Where A is the 
Absence of the Band, L is Light, D is Dark, VL is Very Light, 
P is the Presence, P is Fast, and S is Slow
Band Male
68-225
Male
68-76
Male
68-29
Male
68-7^
Male
68-233
Male
68-99
Male
C57B1
Male'
C3H
1 A P P P A P P A
2 D D D D D D D D
3 D D D D D D D L
k D D D D D D D D
5 D D D D D D D D
6 D D D D D D D D
7 D D D D D D D D
8 D D D D D D D D
9 D D D D D D D D
10 D D D D D D D D
11 D D D D D D D D
12 D A D A VL A D D
13 L L L L L L L L
lk D L L D D D D D
15 D D D D D D D L
16 L L L L L L L L
17 L L L L L L L L
18 L L L L L L L L
19 L L L L L L L L
20 L L A L L L L A
21 L L L L L L L L
22 L L A L L L L L
23 L L L L L L L L
2k D D D D D A D D
25 L L L L L L L L
26 L L L L L L L A
27 L L L L L L L L
clear
area
F F F S S S S S
The inbred females were 
band 2k.
light for bands 12 and 1^ and dark for
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FIGURE 1
Composite Pattern of Esterases In the Kidney of the house mouse, 
Mus musculus
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84
10
The so-called ‘clear area* appeared to lack esterase
activity and background stain. This area was both diffuse 
(fast) and concentrated (slow); however, it was found to be 
too unstable for the period of time required to prepare and 
check the samples. If the samples were not checked immediately 
after preparation the whole area appeared to be clear.
Therefore the typing of this area was terminated shortly after 
the testing began.
Both bands 12 and lb were classified as dark, light, 
very light or absent. A total of 662 mice were typed for 
each. Tables b and 5 summarize the appearance of band 12 in 
these mice. A few of the samples could not be typed for this 
band due to technical problems and subsequent deterioration 
of the samples. The phenotypes of the parents are summarized 
in Table 3.
The distribution of the band lb types is summarized 
in Tables 6 and 7- Again, the parental types are given in 
Table 3 . The majority of the males had a dark band lb 
whereas in the females this band appeared much lighter and 
in some ca.ses absent.
B. Esterase Specificity of Bands 12 and 1^
Bands 12 and 1^ break down substrate alpha-naphthyl 
butyrate faster than alpha-naphthyl acetate or alpha-naphthyl 
propionate. With the alpha-naphthyl acetate these bands 
were stained quite light and the background staining of the 
gel was dark, making typing difficult. With the alpha-naphthyl
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLii k- 
Typing of Band 12
Hale
parent
Female
parent
Dark
bands
Li ght 
bands
Very
light
bands
Absent 
band s
hot
typable
0^ $ Cf $ 0* $ 0* 2 Or* 0
68-233* C5731 if 1 1 1 3 9
68-233 pl 1 l 3 1 if
P1 C57B1 1 1 2 3
C5731 F1 1 2 l 2 9 8
P1 P1 1 1 3 2 2 5
pl C3H 3 1 2 if
68-7^ C57B1 6 6 3 1 if 2 if 1
68-7^ pi 1 5 1 3 if 5 3
" 1 C57B1 1 1 2 1 7
C57B1 P1 2 1 2 5 1 if 2 if
■p * 1 ?1 1 2 3 2 2 5 8 7
?1 C3H 5 3 l 2 2
68-29 C5731 1 1 2 l 3
63-29 P1 5 2 if 2 9 10 2
C57B1 if 1 1 p 4
C5731 •rp 1 1 2 6 3 4* 4- if
P1 -^1 1 i 2 7 1
/
Vw/ 2 5 if
F-,
X
C3H i 5 2 /c 1 5
The 68 mice are the wild parents
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TABL3 5 
Typing of Band 12
Male
parent
Female
parent
Dark
bands
Light
bands
Very
light
bands
Ab sent 
bands
Not
typable
CP 9 CP 9 0* 9 CP 9 CP J
68-225 C57B1 1 1 3 1 5 5 1
68-225 F1 1 2 8 12
T?
~ 1 C57B1 3 2 5 6 2 5
C5731 P1 2 5 1 3 3 7 l 3
P1 F1 1 1 3 1 13 1
Pl C3H 3 3 1 3
68-99 C57B1 i 2 1 2 1
68-99 T T t1 2 2 3 2 5 18 1 2
*1 G5731 1 5 2 1 1 3 2
C57B1 F1 k 6 1 l L- ^ 2
Fl F1 1 3 2 1 2 1 9
Fl G3H 1 2 1 3
68-76 C57B1 1 6 1 1 2 7
68-76 --71“1 1 1 1 13
- 1 C5731 2 3
C57B1 F1 2 1 2 1 2 5
F l
-TV 
-1 1 2 1 3 o
Fl C3E 5 2 1 10
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TAB LI 6
13
Typing of 3and 14
Male
parent
Female
parent
Dark
bands
Li ght 
bands
Very
light
bands
Absent
bands
Rot
typable
0* $ Crr s Cf* 9 0* £ 0* £
6 8 -2 3 3 C5731 7 1 1 10
6 8 -2 3 3 F 1 1 1 1 1 6
" 1 C57B1 4 3
C5731 " 1 8 3 1 2 1 8
p l
H»
" 1 6 2 1 1 4
F l C3H 3 1 4 1 1
6 8 -7 4 G57B1 13 3 5 5 1
6 8 -7 4 F 1 12 1 2 2 P
F 1 C57B1 1 1 4 6
G57B1 F1 7 1 4 5 4
F 1 F1 10 3 3 2 1 11
7?
- 1 C3H 7 2 2 2
6 8 -2 9 C5731 1 1 5 1
68-29 T“l - 1 19 1 2 1 11
?1 C57B1 7 2 1 3
C57B1 F l 10 2 2 6 3
F l F l 13
/■o 1 o 4
G3H 13 2 5
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1 4
rn A-nT >*> 17i-fiOi-i'j I
Typing of Band 14
Hale
parent
Female
parent
Dark
bands
Li gfat 
bands
Very
light
bands
Absent
bands
H ot
typable
0* £ 0* 9 Cr» 9 C* 2 2
6 8 - 2 2 5 C5 7 3 1 7 1 3 4 1 1
68-225 F1 11 1 11
F1 G5731 7 1 1 2 2 10
C57B1 p -1 8 2 2 1 1 9 2
p 
* 1 F1 7 1 2 1 12 1
C3H 3 3 3 1
68-99 C57B1 2 1 1 1 2
68-99 F1 6 3 8 1 6 11
F1 C57B1 4 2 3 6
C5731 F1 15 1 2 1 2 1
p 
-1 F1 3 3 3 10
p * 1 C3H 6 1 1 3
68-76 C5731 14 1 1 3 3
68-?6 n *■ 1 7 l 12
- 1 C5731
2 0tw 1
C57B1 -1 10 l 3 3
1 - -fi.
p 1 1 O, 8
7? C3H 6 l 3 8
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FIGURE 2
Effect of Temperature Changes on Esterases
h 9 f e d c b a
(1) band 12; (2) band 1^; (3) clear area; (*0 
band 2b; (a) male C3H - control; (b) to (g) 
illustrate a sample at temperatures of (b) 0 C, 
(c) 22°C, (d) 36°C, (e) b6°C, (f) 57°C, (g) 70°C; 
(h) male C3H - control.
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TABLE 8 
Typing of Band 24
16
Male
parent
Female
parent
Dark
bands
Light or 
absent bands
o* 0+ &  2
68-233 C57B1 8 11
68-233 F1 2 8
F1 C57B1 4 3
C57B1 F1 13 10
F1 F1 6 8
F1 C3H 3 7
68-74 C57B1 16 11
68-74 Fl 13 9
F1 C57B1 2 10
C57B1 F1 7 14
F1 F1 14 16
F1 C3H 7 6
68-29 G57B1 1 7
68-29 rl 20 14
F1 C57B1 8 5
C57B1 F1 12 11
F1 F1 20 7
Pi C3H 13 7
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TABLE 9 
Typing of Band 2k
Male
parent
Female
parent
Dark
bands
Light or 
absent bands
0* $ 40
68-225 C57B1 9 8
68-225 F1 11 12
F1 C57B1 10 13
C57B1 F1 11 1^
Pi F1 9 15
Pi C3H 3 7
68-99 C57B1 3 k
68-99 F1 8 13 2 12
F1 C57B1 9 6
C57B1 Pi 16 6
F1 F1 5 10 1 3
F1 C3H 6 5
68-76 C57B1 15 7
68-76 F1 7 13
F1 C57B1 2 3
C57B1 F1 10 7
F1 F1 k 12
F1 G3H 6 12
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propionate not only the bands but also the immediate 
background were too dark for proper typing. The thermostability 
tests revealed both bands in zymograms of all samples except 
those heated to 70 °C. This is illustrated in Figure 2.
The bands were also found to be relatively stable 
when stored at 3°C and checked periodically. By 5 1/2 weeks 
band 14 was lighter and a little difficult to type.
A similar situation was found in a few cases for band 12.
Disoussion
Male 68-29 was found to have a dark band 12. The 
phenotypes in the F^ generation were found in a ratio
of dark slight: very light: absent. Mice of the F2 generation were 
found to have a 1:4:4:4 distribution of dark: light:very light: 
absent phenotypes, respectively. These results did not seem 
to fit any simple mode of inheritance. A similar situation 
was found for male 68-99 which was found to lack band 12. Here 
the ratio in the Fj generation was 1:3:2:1 of dark:11ght:very 
light:absent, and in the F2 generation 1:5:3:8. The different 
phenotypes were distributed uniformly among the sexes of the 
descendants of both 68-29 and 68-99. Similar results were 
obtained from the matings with the other wild males (Tables 
4 and 5).
The intensity of the band could be controlled by
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a number of factors Including: (a) genetic factors, (b) end­
ocrine factors, (c) age, (d) environment. At least In part 
the Intensity appears to be under endocrine control.
RohrerCL971) found that the esterase intensities of kidney 
samples from gonadectomized mice varied from the control 
group. Further, If gonadectomized animals were treated with 
hormones, their zymogram patterns did not differ from the 
control group. Age does not appear to affect esterase patterns 
once animals are mature. Kidneys of 18-month animals did not 
differ in esterase activity from those of younger animals.
Lewis and Hunter (1966) found that the diet affected esterases 
in Mus. This factor is not responsible for the variations in 
this instance since all of the animals were on the same diet. 
This, however, does not eliminate all environmental factors.
An attempt was made to fit a number of hypotheses 
to these data. These included (1) sex-linked locus; (2) one 
locus - with two alleles which controlled the presence and 
absence of the band; (3) two loci; (4) two loci - one controlling 
the hormone level and the other controlling the presence of 
esterases; (5) three loci - controlling the presence and 
absence of the bands.
The Intensity of band was related with the 
sex of the mouse. Males tended towards a darker band Inl­
and females had a light band or lacked band I**. However, the 
relationship was not perfect since some males had light and 
some females darker bands. Tables 6 and 7 indicate the 
distribution of phenotypes. For male 68-225 the distribution
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of the Fj generation males is 7 dark:l light:l absent. The 
distribution of the Fj females is 3 light;4 -very light:! 
absent. Male 68-225 had a dark band lh. In the F2 generation 
the distribution of males is 7 dark:l lightsl absent. The 
distribution of the female phenotypes was 2 very light:12 
absent. The males in both the Fj and F2 generations tend to 
be darker than the females, with a few exceptions. A similar 
situation is found for the other wild males. For example, in 
the F^ generation of male 68-76 the male phenotypes are 1^ 
dark: 1 light, and the female phenotypes are 1 dark:3 very 
light: 3 absent. The Fg male phenotypes are 3 dark: 1 light, 
and the female phenotypes are 1 light:3 very light:8 absent. 
Again the intensity of this band maybe under hormonal control 
(Rohrer, 1971). The fact that parental males 68-29 and 68-76 
were light to begin with does not seem to have affected the 
fact that male offspring tended to be dark and the females 
light to absent.
Bs-2 (band 2^) was dark in all of the wild males 
except 68-99» in which it was found to be light. The former 
were Es-2l3/Bs-2b and the latter probably 5s-2a/Es-2^. Bs-2 
was typed as dark and light or absent in all of the matings 
(Tables 8 and 9). In the mating series of all of the males 
except 68-99* Bs-2 was dark, indicating that they were homozygous 
for the 5s-2b allele. The data obtained from the matings 
with male 68-99 were consistent with this male being 
heterozygous at the Bs-2 locus. In the Fj generation the 
animals were all dark, whereas 1/2 would be expected to be dark
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and 1/2 light; however, only seven offspring were examined.
If the wild male was mated to an female homozygous for 
the dark band, then in the second mating an expected ratio 
of 1 dark : 1 light should be observed. The observed values 
were 21 dark: 1*1- light. Since Bs-2 was typed as dark and light 
or absent, some of the light animals may have been absent, in 
which case the F^ female used for this mating could have 
been light. If F^ males and females homozygous for the dark 
band were used for the third, fourth and sixth matings, all 
of the observed phenotypes should be dark, and this Is what 
is observed. However, since not all of the offspring were 
typed, it Is quite possible that the F^ males or females 
used may have been light for this band. In the F2 generation, 
one would expect to observe more dark than light or absent 
phenotypes (see Table 2). The actual phenotypic ratio for 
the Fg generation was 15 dark:** light. Although the ratios 
of the phenotypes do not precisely fit into the mode of 
inheritance described by Petras (19^3). the observed 
categories of phenotypes do fit. The variation from the 
expected ratios could be due to sampling error.
The methods described in this work for determining 
the Inheritance of esterase patterns in kidneys may be very 
useful for simple modes of inheritance such as that of Es-2 
esterases. For more complex systems such as those affected 
by hormone levels these methods are not adequate. Another 
problem with this technique was that not all of the parents and 
offspring of the matings were typed. An attempt could be
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made to do this; although, it would reduce the data 
quantitatively since the matings could not be continued to 
obtain a large number of litters, but would need to be 
terminated after a specific time. Table 2 indicates that, 
for a simple mode of inheritance and in some matings, the 
probability that a particular genotype may not occur could 
be as high as .75. To decrease this probability to an 
acceptable level (less than .01) would require 16 offspring 
which could be obtained from a number of litters. In litters 
where the probability of not obtaining a particular genotype 
Is only .5* then 10 offspring would reduce this to less than 
.01. This problem would be resolved if one kidney could be 
removed, in which case the mating would not have to be 
di sc ontinued.
One other problem with this approach is that the 
matings are set up blindly and some do not yield results.
For example, in the case of a one-locus, two allele system 
where one allele is completely dominant, if a heterozygous 
wild male was mated with an inbred female which was homozygous 
dominant at this locus, backcrosses of the F^ males onto the 
inbred female would give little Information as to the mode 
of inheritance. In that particular case the F2 generation 
and backcrosses of the F^ females onto the wild male are the 
only crosses that would yield useful information.
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RECESSIVE LETHALS
Recently, considerable genetic polymorphism has 
been uncovered in the natural population of a variety of 
species, through the electrophoretic studies of proteins.
There has been considerable debate as to whether or not 
these genetic polymorphisms are advantageous to the species 
possessing them. Kimura (1964) and his associates suggest 
that the alleles responsi'tole for such polymorphisms are neutral. 
Neel and Schull (1954), Dobzhansky (1964), Selander (1969) 
and others suggest that the alleles responsible for these 
polymorphisms are far from selectively neutral. One approach 
shedding some light on this question has involved studies of 
lethal alleles or lethal equivalent systems. To date this 
type of study has been limited primarily to Drosophlla and 
man.
The fruit flies, including members of the species 
Drosophlla melanogaster, have frequently been used in the 
study of mutant alleles, even prior to discussions of 
genetic polymorphisms. Much of the research in this area 
has involved lethals because they are common and because 
personal bias is reduced to a minimum, since in observing 
a culture, one simply looks to see if an entire class of 
flies is absent (Auerbach, 1962). The early lethality
23
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studies Involved tests for sex-linked lethals. The methods 
used were eventually modified for the detection of 
autosomal recessive lethals (Auerbach, 1962). The latter 
add an extra dimension to the study of lethal alleles, 
since they can be cross-tested for allelism. This is not 
possible with sex-linked lethals; males with such lethals 
are nonviable.
The common existence of lethal mutants in the 
Drosophila population (Wallace, 1968) raises the question 
of the maintenance of such mutants in natural populations.
This question has been studied extensively by Dobzhansky 
(196*0, Crow and Temln (1964), Wallace (1966). Using 
Drosophlla Wallace found that elimination of recessive 
lethals by homozygosis exceeded the rate of origin of lethals 
by mutation. He concluded that lethal chromosomes were 
preferentially retained by an average selective advantage 
in their heterozygous carriers. Although Dobzhansky might 
agree with this, Crow concluded that if the variation 
were maintained by selection for superior heterozygotes 
this would lead to tremendous genetic loads (the proportionate 
decrease in the average fitness of a population relative 
to that of the optimal genotype; Wallace, 1970). Therefore 
he concluded that populations must be monomorphic at 
nearly all loci.
Conditions resulting from lethal genes have also 
been studied in human populations (e.g. Montagu, 1959;
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Knudson, 1969). Here studies become much more difficult 
partly due to the time factor Involved and partly due to 
the fact that human populations cannot be used to set up 
breeding programmes.
Lethal mutations have also been observed In 
natural populations of the house mouse, Mus musculus 
{Dunn, Beasley and Tinker, i960). Notable ones are located 
at the T locus, although there are others such as the 
lethal spotting (.Is) locus (Mayer and Maltby, 196*0 in a 
subline of an inbred strain, C57Bl-at, jaw-lethal (_£) 
locus (Little and Bagg, 192*1-) found in descendants of 
irradiated mice, and the jaundiced (ja) locus (Stevens 
et al, 1959) which arose in inbred strain 129. The T 
locus is very complex consisting of a brachy allele (T)and 
J; alleles. Generally, T/+ mice are short-tailed, tn/-F mice 
are normal tailed, T/tn mice are tailless and T/T and tn/tn 
homozygotes are lethal. However, in some cases homozygotes 
for the t alleles are viable and normal tailed. Heterozygotes 
for t alleles are usually normal tailed. The t alleles mutate 
frequently to new t alleles and these mutations are frequently 
accompanied by crossing over (Lyon and Phillips, 1959).
Lyon and Meredith (196*1-) concluded that loss of specific 
pairing could cause unequal crossing over giving rise to 
small duplications or deficiencies, thus producing new 
alleles.
The t alleles are widespread in natural
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populations of the house mice. Dunn (1964-), Anderson 
(196^), and Petras (1967) found t-lethal alleles in most 
of the wild populations that they examined.
Knowledge of lethal alleles in natural 
populations of mammals, including the house mouse is limited. 
Since the existence of lethal alleles such as the t- 
alleles is possible in the house mouse, then is the situation 
in mammals the same as in Drosophila. There is at least 
one basic populational difference between Mus and Drosophila 
and that is the breeding structure. Unlike the population 
of Drosophlla, in the mouse there are small breeding units 
with considerable inbreeding (Petras, 1967). This tends 
towards the elimination of lethal alleles, of course this 
is not the case with the t-allele and so what about other 
lethals in Mus populations? If there are others like the 
t-allele then as suggested by Wallace (1966) for Dosophila 
lethals, the high frequencies of such lethal alleles is not 
entirely explainable by mutation rate; selective pressures 
must also play a vital role in maintaining such frequencies.
It is not known how frequently recessive lethal 
alleles or their equivalents occur in natural populations 
of most mammals. The purpose of the present study is to 
(1) develop a technique for uncovering lethal alleles, or 
their equivalents and subsequently to (2) determine how 
common lethal alleles are In natural populations of house 
mice (Mus musculus).
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Materials and Methods
Five wild mice were randomly selected from mice 
which were trapped in corn cribs on farms in the vicinity 
of Windsor, Ontario. The mice were mated in a manner that 
would allow the expression of any recessive lethal alleles 
present in the wild male. The mating system used is 
illustrated in Table 10.
The mating system involved three steps. The 
wild male was first mated to mice of an inbred strain,
either CJE or C57B1, to give the Fj. An Fj female was then
mated to the wild male, and the first generation of backcross 
offspring (B^) was obtained. In the third step a Bj female
was mated with the wild male and the second generation of
backeross offspring (B2) was obtained.
The purpose for setting the matings up in this 
manner is illustrated in Table 11. Fran the Fj generation 
an average litter size is obtained. When the F^*s are 
backerossed with the wild male, the lethal gene or lethal 
equivalent if present in the male should be found in a 
homozygous state in some members of the B^ generation. If 
the B^ mice are then mated with the wild male, the lethal 
gene should also be found in a homozygous state in some 
members of the 33 generation. The lethal genes, since they 
may occur in a homozygous condition in B^ and 3 3 * should 
result in litters of smaller sizes than the F^ litters.
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TABLE 10
Mating System to Detect Lethal Mutations
1. wild male X 
1
inhred female
I
offspring (Pi)
2. wild male < F^ female
f
offspring (B1)
3. wild male* X female
I
offspring (B2)
The same wild male was used for all matings.
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TABLE 11 
Expected Genotypes in Mating System
29
1. +/1 X +/+ OR +/+ X +/±
(■wild male) "(inbred female) (-wild male) (inbred female)
I 4.
1/2 +/+ : 1/2 +/1 +/+
Where: 1 = lethal allele
+ = neutral (wild) allele
2. If the female used in the If the Fi female used in
mating is +/1 then: the mating is ±£± then:
+/1 X ±/l +/1 X +/±
l A  + /+  : 1/2  +/1  : l A  1/1  1/2  + /+  f  1/2  +/1
If the offspring of all of the F^ matings are pooled then:
3/8 ±[± : V 8  +/1 : 1/8 1/1
3. If the B« female used in the If the Bj female used In
mating is +/1 then: the mating is +/+ then:
+/1 X 4-/1 -f-/l X +/ H-
1/4 +/+ . 1 /2  +/1 : l A  1/1 I/2 ±/± *• 1/2 +/1
If all of the Bi offspring are pooled and if the females 
are selected at random, then the following frequencies 
should be observed:
5/ A  +/+ : 7/A +/1 : 2/A  1/1
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The expected reduction in litter size can be determined 
from Table 11.
If a lethal allele is present, then the 
generation will contain a 1:1 ratio of heterozygotes to 
homozygous wild types. These offspring, when mated with 
the wild male, can produce two possible litters depending 
upon which genotype is used. The heterozygote will 
produce a ratio of 1 wild:2 heterozygotes:1 lethal, and 
the homozygote will produce a ratio of 1 wild:l heterozygote. 
The overall possible ratio of the B-j_ generation is calculated 
to be 3/8 wild: 1/2 heterozygote: 1/8 lethal, provided the 
sample size is large and females are selected at random. 
Therefore, a reduction of 1/8 can be expected for an average 
litter in the Bj population when compared with the P^ 
population, if a single lethal allele is present. If the 
average litter size in the generation is designated as 
n, then the average litter size in 3^, if one lethal allele 
Is present, will be n - l/8n. Moreover, in any Individual 
mating of two heterozygotes the litter size will be reduced 
by 1/b.
Of the surviving Bj mice, 3/7 will be homozygous 
wild and b/7 will be heterozygous. If these two genotypes 
are mated with the wild male in proportions consistent with 
their frequencies, the 3£ generation will have a ratio of 
5/1^ wild: 1/2 heterozygous: 1/7 lethal. Thus, the average 
number In the 32 litter should be 6/7 of the average litter
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size and the formula for the size of the former can he 
written as n - l/7n. The individual litter sizes will he 
reduced by 1/4 if the female is heterozygous for a lethal 
allele.
The expected litter sizes when more than one 
lethal is present are summarized in Table 12.
Where possible the wild males were mated with 
hrachyury females in an attempt to detect the presence of 
an t-allele. If a t-allele was present tailless offspring 
would he observed in the litters.
The first litter of many of the females in 
these matings was discarded. These are indicated in Tables 
13 to 25.
Results and Discussion
Tables 13, 14, and 15 give data concerning the 
matings with wild female 69-5. In Table 13 the average 
litter size (n) Is calculated to be 6.4 (_s = 1.072, where 
s is the standard deviation). The ratio of males to females 
is 1:1. The average number of animals dead at 28 days is 
high (1.1) but this can be attributed, for the most part, 
to litter 3» in which all of the animals died. In the first 
backcross generation the average litter size was calculated 
to be 4.9 (j3 as 2.23; see Table 14), a reduction in size of 
1.5. The ratio of males to females in 3^ is still 1:1.
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TABLE 12 
Expected Litter Sizes for Lethals#
Number of lethals Litter size in Litter size in 3£
1 7/8 6/7
2 ^9/6k 53/92
3 171/256 3835/5^72
# l_ - - - - -  - - - -  -  --  ^ - -  „
Litter sizes are compared -with the average litter size.
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TABUS 13- 
Matlng of Male 69-5 and Female C3H
litter
number
Female
number
Litter
size
Males Females Number 
dead at 
28 days
1 1 if 3 1 0
2 3 7 3 2 2
3 (2)** 7 0 0 7
b 1 6 if 1 1
5 21 6 2 if 0
6 20 7 3 1 3
7 19 7 3 if 0
8 20~1*
lif 8 if 2
9 21 J
10 35 5 1 if 0
11 36 6 3 3 0
12 37 6 3 3 0
13 35 7 3 b 0
lb 37 8 if 3 1
total 90 bo 3if 16
average 6.if 2.9 2.5 1.1
The brackets indicate that these litters were grouped 
together and could not be separated at weaning.
The brackets indicate that the first litter from this 
female was discarded and not included in the data.
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TA3L3 14 
Mating of Male 69-5 and Female F1
Litter
number
Female Litter 
number size
Males Females Number 
dead at 
28 days
1 54 5 3 2 0
2 53 3 2 1 0
3 53~
11 3 5 3
4
5 53
12 6 6 0
6 5iL
7 54 i~
4 6 0
3 53 3_
9 69 7 5 2 0
10 98 5 2 3 0
11 63 4 -
12 69 4
3 7 1
13 93 3
14 70 5_
15 68 4 i 3 0
total 73 34 35 4
average 4.9 2.3 2.3 .27
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TAB IS 15 
Mating of Male 69-5 and Female
Li tter 
number
Female
number
Li tter 
size
Male s Females Number 
dead at 
28 days
1 109 3
2 110 k 5 5 0
3 111 3
109 3
k 0
Z> 111
r*
D
total 18 9 9 0
average 3. 6 1.8
CO• 0
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These data could be explained by the presence of two lethal 
alleles, a hypothesis under which the expected reduction 
in the average litter size of would be 1,5. These results 
coincide with those observed in the second backcross where 
a reduction of 2.8 in litter size was observed (Table 15; 
s = .85). The expected reduction in litter size for a two 
locus system in the B2 mice is 2.68. This reduction in 
litter size is not due to the presence of a t-allele 
because, as is indicated in Table 26, no tailless animals 
were observed when the wild male was mated with brachyury 
females. Although only 1/4 of the Bj litters would be 
expected to have a significant reduction in litter size if 
two lethals were present, and 1/2 are observed to have such 
a reduction.
The individual litters can also be examined for 
the possible presence of lethal genes. However in all 
cases the number of offspring examined is very small and 
the suggestion of lethals being present is very tentative.
In litters 2 and 8 (Table l4), the expected total for female 
53 is 12.8 animals; however, a total of 6 is observed.
These results are consistent with the presence of two 
lethal alleles in the females. Such a number of lethals 
would reduce the expected litter size by 5.1. Litters 9 and 
12 total 11 offspring. This is a slight deviation from the 
expected 12.8 and is probably the result of chance but the 
deviation is also consistent with the presence of one
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lethal In the F^ female. Litters 10 and 13 produced a 
total of 8 offspring indicating the presence of at least 
one lethal allele. Conclusions similar to those for litters 
9 and 12 can be drawn for litters 11 and 15, and litter 1^.
In Table 15 the expected total litter size of 
litters 1 and 4- is 12.8, and the observed value is 6. This 
reduction of 6.8 would suggest the presence of at least 
two lethal alleles in the F^ female. Litters 3 and 5 
produce a total of 8 offspring, a reduction of ^.8 from 
the Fj litter size. This would be consistent with the 
presence of one lethal allele in the F^ female. A similar 
conclusion is reached from litter 2.
Tables 16, 17, and 18 outline the results 
obtained from matings involving wild male 69-52. The average 
litter size (n), as indicated in Table l6, was 5.5 (s. =
1.79). Males and females were found in equal proportions 
in the P^ (Table 16), (Table 17), and B2 (Table 18) 
generations. No reduction in the average litter size (_s = 
2.11) was observed. Individual litters were again examined 
(see Table 17). The three litters 1, 6, and 10 should 
total 16.5 f*or female 56 if no lethals were present in 
this female. Fifteen offspring were observed suggesting 
the absence of any lethal alleles. Litters 2, 5, 8, and 
11 should total 22 individuals, but 16 are observed. This 
reduction by approximately 1/*J> could easily be explained 
by the presence of one lethal allele in the female involved.
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TA3L.L 16
Mating of Male 69-52 and Female C3H
Li tter 
number
Female Litter 
number size
Male s females Lumber 
dead at 
28 days
1 (M 9 3 £ 0
2 (5) 7 3 k 0
3 (6 ) 5 2 3 0
k k 6 - - 6
5 6 k 2 2 0
6 5 5 1 k 0
? k 3
5 1 0
8 5 3
9 (23) 5 2 3 0
10 23 8 - - 8
11 (22) k 1 2 1
12 22 3 1 2 0
13 ( 38) 6 3 3 0
Ik 39
12 9- 5 3
15 ko
16 kO 6 5 1 0
l? 39 Ur 3 1 0
13 33 ,o 4 k 0
1 Q — / 39 5
6 k 1
20 ko o
t otal 109 95 19
average 5. 2.3 2.3 1.0
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TA3L2 17
Mating of Male 69-52 and Female F.^
39
L i t t e r
number
Fem ale
num ber
L i t t e r
s iz e
M ale s Fem ale s Number 
dead a t  
28 d ays
1 56 5 3 1 1
2 57 f
3 53 5 6 if 3
if 58 if
5 57 if
2 if 0
6 56 2
7 58 /o if 2 0
8 57 2
6 if 0
9 58 8
10 56 8 if if 0
11 57 6 3 3 0
12 72 if 2 2 0
13 73 if 1 3 0
l i f 72 7 5 1 •4
15 73 9 2 7 0
t o t a l 73 33 35 5
a ve ra g e 5. 2 2 .5 2 .3 .3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
40
T A3 LEI 18 
M a tin g  o f  M ale 6 9 -5 2  and Fem ale
L i t t e r
num ber
Female
number
L i t t e r
s iz e
M ale s F em a les Number 
dead a t  
28 d a ys
1 99
2 100 10 4 5 1
3 101
4 100 6 1 5 0
t o t a l 16 5 10 1
a verage 4 1 .3 2 .5 .3
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Litters 3, 4, 7, and 9 do not deviate from the expected 
value of 22. Litters 12 and 14 are also consistent with 
the expected value of 11 which suggests the absence of 
lethal alleles. Litters 13 and 15 do not deviate from the 
expected value of 11. These results suggest that female 
57 had a genotype of ± 2 . whereas females 56, 58, 72, 
and 73 were +/+. Table 18 suggests a reduction of 
1.5 in the average B2 litter size. This would be consistent 
with the presence of two lethal alleles in the B-j_ females 
involved. In Table 18 litter 4 does not appear to deviate 
from the expected value of 5.5.
Tables 19, 20, and 21 give the data obtained from 
matings with wild male 69-22. The average litter size 
(n) was calculated to be 6.0 (_s = 1.34), and the ratio of 
males to females in the F^ generation was equal. The 
average litter size for was calculated in Table 20 
(_s = 1.46) and no deviation from the expected value was 
observed. The ratio of males to females in was 1:1.
If the individual litters in Table 20 are analyzed, none 
of them suggest any deviation from the expected litter 
size of 6.0. Perhaps all of the females were of the 
genotype +/-F. In the B2 generation, see Table 21 (_s =
1.0), the average litter size drops from 6 to 4. These 
results are consistent with the presence on the average 
of two lethal alleles in the females. If this is so 
the expected value would be 3.48. If the individual
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TABLS 19
Mating of Male 69-22 and Female C57B1
Litter
number
Female Litter 
number si ze
Males Females Number 
dead at 
28 days
1 16 3 3 0 - 0
2 16 6 3 3 0
3 16 7 2 5 0
k 32 7 2 3 2
5 3^ 8 3 if 1
6 32“
10 1 9 0
7 33_
8 3k 6 3 3 0
9 (3 3 ) 6 3 3 0
10 3k 6 1 if 1
11 52 5 3 2 0
12 50 6 3 3 0
13 52 8 k 2 2
Ik 52 6 1 **D 0
total 3k 32 k6 6
average 6.0 2 .3 3 .3 O .if
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TA3L3 20
Mating of Male 69-22 and Female Fj
L i t t e r
num ber
Female
num ber
L i t t e r
s iz e
M ale s Fem ales Number 
dead a t  
28 d a ys
1 66 6 1 5 0
2 65"
11 6 5 0
3 6?_
4 65"
12 2 9 1
5
6 7 _
6 (65 ) 6 2 4 0
7 67 9 3 6 0
8 81 9~
9 9 0
9 82 9
10 (30 ) 7 4 3 0
11 96
12 7 5 0
12 9 7_
13 96 9 3 6 0
t o t a l
ONCO 37 52 1
ave rage 6. 9 2.8 4 .0 0.1
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TA3L3 21 
Mating of Male 69-22 and Female B]_
L i t t e r
number
Female
number
L i t t e r
s ize
Male s Females Number 
dead a t  
28 days
1 105 3 1 1 1
2 103 Ur 2 2 0
3 105 5 2 3 0
t o t a l 12 5 6 1
average Ur 1 .7 2.0 0 .3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
45
litters in Table 21 are examined, litters 1 and 3 Indicate 
a reduction of 4 from the expected 12 offspring, suggesting 
the possible presence of one lethal allele in the F-j_
female. A similar conclusion can be reached from litter 2.
The ratio of males to females in B2 was 1:1. The lethal
mutations observed in B2 niay have been due to the presence
of a t-allele since, as is indicated in Table 26, when 
the wild male was mated with brachyury females, tailless 
offspring were observed; however, if this were the case 
then a reduction in litter size of approximately 1/2 
would be expected, and a reduction of 1/5 is observed 
(Table 26).
Tables 22, 23, and 24 indicate the data obtained 
from matings with wild male 69-17. The average litter 
size calculated in Table 22 was 7.0 (s = 2.27), and the 
ratio of males to females in the generation was 1:1. The 
average litter size for B^, calculated in Table 23, was 
6.7 (s = 1.69), and did not indicate the presence of any 
lethal alleles. The ratio of males to females was 1:1.
In examining the individual litters in B^, none of them 
appeared to deviate from the expected value of 7 except 
litter 14 where the observed value of 5 could remotely 
suggest the presence of one lethal gene in the F^ female.
Table 24 gives the data obtained from the second backcross 
with male 69-17. The average litter size (£3 = 2.12) was 
not reduced and the individual litters did not indicate
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TABL3 22
Mating of Male 69-17 and. Female C57B1
L i  t t e r  
number
Fem ale L i t t e r  
num ber s iz e
M ale s Fem ales Number 
dead a t  
28 days
1
2
47
48
18 5 6 7
3 (4 9 ) 9 5 3 1
4 47 9 4 4 1
5 48 8 5 3 0
6 31 5 2 3 0
7 31 8 4 4 0
8 15 8 4 4 0
9 14 5 0 5 0
10 13 2 1 1 0
11 13 7 3 3 1
12 14 5 4 1 0
t o t a l 85 37 37 10
ave ra g e 7 .0 3 .1 3 .1 o • 00
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TABLS 23
Mating of Male 69-17 and Female F]_
L i t t e r
number
Fem ale L i t t e r  
num ber s iz e
M ale s Fem a les Number 
dead a t  
28 days
1 64- 6 3 3 0
2 62 8"
10 7 0
3 63 9_
4- 63"
8 5 3 0 •
5 64-
6 62"
12 6 6 0
7 64-_
8 78 10 3 7 0
9 77~
9 5 4- 0
10 78
11 77 8 2 6 0
12 78 10 6 4- 0
13 90 8 7 1 0
14- 91 r*2 3 2 0
15 89 ? 3 4- 0
t o t a l 100 53 4-7 0
ave rage rO. 7 3 .5 3 .1 0
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TA3L2 24 
Mating of Male 69-17 and Female
Litter
number
Female
number
Litter
size
Males Females Number 
dead at 
28 days
1 10? 6 4 2 0
2 107 9 3 6 0
total 15 7 8 0
average 7.5 3.5 4 0
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TABLE 25
Mating of Male 69-20 and Female C57B1
L i t t e r
num ber
Female
number
L i t t e r
size
Male s Fem ale s Number 
dead a t  
28 d a y s
1 ^5 3 2 1 0
2 44 5 5 0 0
3 46 8 5 3 0
4 28 3 1 2 0
5 ( 26) 6 2 3 1
6 27 5 2 3 0
7 28 3 0 3 0
8 10 6 2 4 0
9 12 1 0 0 1
10 i l l
11 6 5 0
11 12
total 51 25 24 2
ave ra g e 4 .6 2 .3 2.2 .18
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TA3L3 26
Matings of Wild Males with Brachyury Females
Wild
male
Li tter 
number
Litter
size Tailless Brachy Tailed
69-5 r
2
6 0 2 b
3 8 0 0 8
b 6 0 3 3
5
6
lb 0 6 8
69-22 1 2 0 • 0 2
2
3
11 2 b 5
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the presence of lethal genes. The ratio of males to 
females in B2 was 1:1.
The fifth wild male (69-20) died after the 
average litter size (n) was obtained; therefore, little 
can be said concerning the presence of lethal mutations in 
its genome.
No sex-linked lethals appeared to be present in 
any of the matings.
Conclusions from the Breeding Data
The data obtained could in most cases be explained 
by one or more lethal alleles in the wild males. Some 
males on the basis of the data appear to have more lethals 
than others. For example, the average litter size in B^ 
for male 69-5 suggests that at least two lethals may have 
been present in the wild male. Examination of the individual 
litters (Table lk; litters 2 and 8) also suggest this 
hypothesis. However, examination of the average litter 
size of for male 69-52 and examination of the individual 
litters suggest the presence of one lethal. More positive 
statements cannot, however, be made at this point because 
of the small number and size of litters per wild male. For 
example, the presence of a single autosomal lethal would 
reduce a litter of ^ by 1, a reduction of 25%. A reduction 
of this magnitude in such a small sample size as four is
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not significant and could easily be the result of chance 
rather than a specific mechanism. Therefore in looking 
at one or two litters a reduction in litter size is only 
an indication of the possible presence of lethal alleles; 
that is, lethal alleles could explain the results, but 
definite conclusions cannot be drawn from such data.
To obtain a more accurate estimation of the number 
of lethal alleles present in the genomes of wild mice, 
three modifications should be made in the system described 
in this report. First, the quantity of data should be 
increased in order for the results to be statistically 
significant. To do this, the number of wild males used 
should be increased to 10, reducing the probability of
not obtaining a lethal (if only one is suspected) in these
males to less than .01. For this same reason the number of 
females in each mating series should be Increased to 10.
The n e c e s s i t y  f o r  t h i s  becomes a p p a re n t i f  T a b le s  13 and
15 a re  n o te d .  The a v e ra g e  F^ l i t t e r  s iz e  f o r  m a le  6 9 -5  i s  
6 .4 ,  and th e  a v e ra g e  B£ l i t t e r  s iz e  i s  3.6. H ow ever, 
th e r e  w ere  o n ly  f i v e  B2 l i t t e r s .  The la r g e  r e d u c t io n  i n  
s iz e  i n  t h i s  p a r t i c u l a r  case may have b een  due t o  th e  f a c t  
t h a t  o n ly  fe m a le s  w i t h  l e t h a l  a l l e l e s  i n  t h e i r  genome 
w ere s e le c te d  f o r  th e  second b a c k c ro s s .  I f  t h i s  was th e  
c a s e , th e n  th e  r e d u c t io n  i n  a v e ra g e  s iz e  c o u ld  be a t t r i b u t e d  
t o  m ore l e t h a l s  th a n  a re  a c t u a l l y  p r e s e n t .
Table 12 Indicates the reduction in litter size
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that can be attributed to 1, 2, or 3 lethal alleles. The 
difference in the size of reduction between each is small, 
and would be difficult to detect in small sample sizes. For 
this reason, the sample sizes should be increased. For this 
same reason, the number of backerosses should be increased 
so that a lethal, if present, could be observed in more 
generations.
Secondly, if it is suspected that a particular 
litter is significantly smaller, the members of that litter 
could be mated to an inbred mouse, and a mating system 
similar to that outlined in Table 11 could be used for 
each member of that litter. If one lethal allele were 
present in the wild male then, as Table 11 indicates, the 
surviving offspring of a or a litter may produce two 
sets of results when set up in such a mating system; (1) the 
ratio of the animals producing reduced litter sizes to 
those producing normal litter sizes will be 2:1, or (2) the 
ratio of those producing reduced litter sizes to those 
producing normal litter sizes will be 1:1.
Further, in repeating this experiment, the first 
litters of all young females should be discarded to prevent 
the possibility of any variation in size of the first litter 
used for the experiment.'
It would be most interesting to repeat this 
experiment using a mouse in which a known marker gene was 
linked to a segment of a chromosome in which a crossover
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suppressor was also present. A mating system such as 
that described here would reveal the presence of a lethal 
in that segment of the chromosome. Such a lethal could 
be detected by observing a deficiency of the phenotypes 
similar to that of the marker gene.
Generally, the system that is described in this 
paper would appear to be a basis for a more detailed and 
accurate analysis of the number of lethal alleles in the 
genomes of mice found in natural populations.
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GENERAL C ONCLU SION
In the past, both breeding programs and 
electrophoresis have been used to reveal the presence 
of polymorphisms. The present work combines the use of 
these tools in an effort to detect variant kidney esterases 
and elucidate the inheritance of such esterase phenotypes 
in mice. This attempt may prove to be useful when the 
variants are controlled primarily by a single locus; but, 
more complex modes of inheritance seriously limit the 
value of this approach.
A breeding program was also developed to try to 
obtain estimates of the number of lethal loci in wild 
mice. This breeding program could be the basis for 
obtaining such an estimate; however, it is a limited 
system and a more extensive version would be required to 
determine whether lethal alleles were actually being 
observed.
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